Introduction
Cross-presentation, which defines how antigen-presenting cells (APCs) such as dendritic cells (DCs) process and present exogenous antigens to CD8 C T cells via major histocompatibility complex (MHC) class I molecules, is pivotal in an effective antitumor immune response. 1 Cross-presentation of intracellular tumor antigens by lymph node DCs (LNDCs) is very efficient, 1 with levels of tumor antigen as low as 200 nmol/L being detectable. 2 It persists throughout tumor growth, 1 is an excellent measure of complete tumor resection, 3 and is largely localized to the lymph node that drains the tumor site (reviewed in reference 1).
Tumor-infiltrating DCs (TiDCs) may be functionally impaired and/or unable to migrate to tumor-draining lymph nodes (TDLNs), 4 but their capacity for crosspresentation has not been clearly defined. We reasoned that there might be a failure of antigen-specific T cells to proliferate in the tumor site due to a lack of TiDCs that could re-stimulate infiltrating T cells, that is, a failure of "post-licensing" -one form of effector site failure. 5 Such a defect might prevent antitumor immune attack and explain the failure of endogenous, vaccine-derived, or adoptively transferred CD8 C T cells to kill tumors (Fig. 1) .
1
There is some evidence that cross-presentation within tissues may be important for CD8 C T-cell effector function or tolerance 6 ; therefore, we examined the tumor and lymph node DC cross-presentation of a tumor neoantigen, hemagglutinin (HA), stably transduced into the murine mesothelioma tumor model AB1-HA.
We found that CD11b C DCs isolated from the tumor did not cross-present tumor antigens and were unable to induce tumor-specific T-cell activation or proliferation. This was not a dominant inhibitory effect because the addition of exogenous MHC class I HA peptide to these DCs induced similar levels of proliferation to that from normal LNDCs. This failure to cross-present a tumor antigen was not due to a defect in TiDC maturation as ex vivo exposure to different activation stimuli failed to restore crosspresentation. 6 Interestingly, TiDCs were not defective in their ability to ingest or process exogenous cell-bound antigens or cross-present soluble antigens, as assessed using carboxyfluorescein succinimidyl ester (CFSE)-labeled living, ultravioletirradiated, or heat-killed tumor cells and by proteolytic cleavage of the exogenous protein DQ-OVA, releasing the fluorescent dye, BodipyFL. Our finding that the uptake and proteolytic cleavage of exogenous antigen was normal suggests that the failure to cross-prime is distal to antigen uptake and processing. As TiDCs were able to cross-present exogenous HA-protein to specific T cells, the problem may occur after the processes of uptake and proteolytic cleavage within the MHC class I loading pathway. The failure of crosspresentation of cell-derived tumor antigens in association with the preserved ability to process and cross-present soluble tumor antigen is consistent with a defect in the processing pathway between intracellular compartments and the cytoplasm. Current studies are investigating where this block occurs and the molecular events that create the block.
Cross-presentation by TiDCs is important in potentially re-stimulating TILs. 1, 7 We, therefore, reasoned that immunogenic chemotherapies inducing strong CD8
C T-cell-dependent effector responses in vivo might reverse this block. We found that TiDCs from gemcitabinetreated animals spontaneously induced proliferation of tumor-specific T cells and increased their interferon gamma production, but only at the tumor site. Gemcitabine is a chemotherapeutic agent known to be immunogenic and facilitates the accumulation of T cells within tumors 1, 2 ; therefore, the fact that it could reverse the failure of TiDCs to cross-present antigens could be part of its immunogenic role. It may induce a quantitative change, such as increased antigen load consequent upon drug-induced cell death or a qualitative change, through overcoming the block in cross-presentation or by altering TiDC populations or function. Chemotherapy can act to alter the immunogenicity of dying tumor cells or regulate immune suppression. 1, 8 Anthracycline chemotherapeutics induce recruitment of CD11c C CD11b C Ly6 hi DCs to the tumor bed, resulting in enhanced cross-presentation. 9 Our data show that gemcitabine, a drug that is widely used in human breast, pancreatic, ovarian, and lung cancers, also alters the cross-presenting capacity of TiDCs.
Gemcitabine-induced apoptotic destruction of tumor cells potentially loads the immune system with large amounts of tumor antigen, but this is not enough to initiate a protective antitumor response. 1 Adjuvant immunotherapy is required, and activating anti-CD40 antibody treatment following gemcitabine chemotherapy can induce long-term cures in this tumor model and has recently been translated into a clinical trial. 1 Our studies support the notion that this immunepriming effect of gemcitabine is important and suggest this immunogenic property can be exploited therapeutically, for example, through combination with immunecheckpoint blockade. 10 Our data clearly show that tumor antigen-specific T-cell activation, even when CD8 C T cells are delivered directly into the tumors, does not occur within the tumor microenvironment. These tumorspecific CD8
C T cells may fail to engage with antigen within the tumor environment rather than being blocked by local immune suppression. This may be a reason why antitumor CTLs, even when delivered as adoptive cell therapy, fail to eradicate tumors. These data increase our understanding of how some chemotherapeutic drugs exert immunogenic effects. It is not known which other chemotherapeutic drugs can also induce this phenomenon. These results have implications for anticancer therapy, specifically in the use of immunotherapy in conjunction with cytotoxic chemotherapy.
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